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DGFEM [1, 2, 6]
2
2 $\Omega$ Poisson
$\Omega$ $\partial\Omega$ $\Omega$ $L^{2}(\Omega)$ $H^{\kappa}(\Omega)(\kappa>0$
) $L^{2}(\Omega),$ $L^{2}(\Omega)^{2}$




: $f\in L^{2}(\Omega)$ $u\in H_{D}^{1}(\Omega)$
$(\nabla u, \nabla v)_{\Omega}=(f, v)_{\Omega}(\forall v\in H^{1}(\Omega))$ (1)
$u \in H^{3_{+\sigma}}(\Omega)\cap H_{D}^{1}(\Omega)(0<\sigma\leq\frac{1}{2})$ [5].
DGFEM $\Omega$ “ ” $\{\mathcal{T}^{h}\}_{h>0}$
DGFEM
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[2]. $K\in \mathcal{T}^{h}$
$K\in \mathcal{T}^{h}$
$e$ $K$ $\partial K,$ $K$ $\mathcal{E}^{K}$ ,
$\mathcal{E}^{h}$ $\mathcal{E}^{h}$ (skeleton) $\Gamma^{h}$
$h_{K}=K$ $h= \max_{K\in \mathcal{T}^{h}}h_{K},$ $|K|=K$ $|e|=e$
$L^{2}(\partial K)$ $\langle\cdot,$ $\cdot\rangle_{\partial K},$ $|\cdot|_{\partial K}$ $L^{2}(e)$
DGFEM $\mathcal{T}^{h}$ Sobolev $(\kappa>0)$ .
$H^{\kappa}(\mathcal{T}^{h})=\{v\in L^{2}(\Omega);v|_{K}\in H^{\kappa}(K)(\forall K\in \mathcal{T}^{h})\}$ (2)
$L^{2}(\Gamma^{h})$ $\partial\Omega_{D}$ $0$ $L_{D}^{2}(\Gamma^{h})$
DGFEM $H^{\frac{3}{2}+\sigma}(\mathcal{T}^{h})(\sigma>0)$ $L^{2}(\Gamma^{h}),$ $L_{D}^{2}(\Gamma^{h})$
$K$ $P^{k}(K)$ ( $k$ ) $Q^{K}\in L^{2}(K)$
$g\in L^{2}(\partial K)$ $p=\{p_{1},p_{2}\}\in(Q^{K})^{2}$ $R_{K}$ (
)
$(p, q)_{K}=\langle g,$ $q\cdot n\rangle_{\partial K}(\forall q=\{q_{1}, q_{2}\}\in(Q^{K})^{2})$ (3)
$n=\{n_{1}, n_{2}\}$ 2
$-\triangle$ DGFEM 1
$B_{h}( \{u,\hat{u}\}, \{v,\hat{v}\})=(\nabla_{h}u, \nabla_{h}v)_{\Omega}+\sum_{K}[\{\nabla u\cdot n,\hat{v}-v\rangle_{\partial K}+\langle\nabla v\cdot n,\hat{u}-u\}_{\partial K}$
$+ \sum_{e\in \mathcal{E}^{K}}\frac{\eta_{0}}{|e|}\langle\hat{u}-u,\hat{v}-v)_{e}+(R_{K}(\hat{u}-u), R_{K}(\hat{v}-v))_{K}]$
$(\{u,\hat{u}\},$ $\{v,\hat{v}\}\in H^{\frac{3}{2}+\sigma}(\mathcal{T}^{h})\cross L^{2}(\Gamma^{h});\eta_{0}>0$ $)$ (4)
$\partial K,$ $e$ $u,$ $\nabla u$ $K$ $\nabla_{h}$ $(\nabla_{h}u)|_{K}=$









$\Pi_{e\in \mathcal{E}^{h}}P^{k}(e)$ $V_{D}^{h}=U^{h}\cross(\hat{U}^{h}\cap L_{D}^{2}(\Gamma^{h}))$ (1)
: $f\in L^{2}(\Omega)$ $\{u_{h},\hat{u}_{h}\}\in V_{D}^{h}$
$B_{h}(\{u_{h},\hat{u}_{h}\}, \{v_{h},\hat{v}_{h}\})=(f, v_{h})_{\Omega}(\forall\{v_{h},\hat{v}_{h}\}\in V_{D}^{h})$ (5)
DGFEM $\{u,\hat{u}\}\in H^{\frac{3}{2}+\sigma}(\mathcal{T}^{h})\cross L^{2}(\Gamma^{h})(\sigma>0)$
[2].
$| \{u,\hat{u}\}|_{h}^{2}=\Vert\nabla_{h}u\Vert_{\Omega}^{2}+\sum$ $\sum\frac{1}{|e|}|u-\hat{u}|_{e}^{2}$ (6)
$K\in \mathcal{T}^{h}e\in \mathcal{E}^{K}$
$||| \{u,\hat{u}\}|||_{h}^{2}=|\{u,\hat{u}\}|_{h}^{2}+\sum$ $\sum|e|\cdot|\nabla u|_{e}^{2}$ (7)
$K\in \mathcal{T}^{h}e\in \mathcal{E}^{K}$














[HO] $C_{a}$ $v\in H^{\frac{3}{2}+\sigma}(\Omega)\cap H_{D}^{1}(\Omega)(\sigma>0)$
$\{\{v_{h},\hat{v}_{h}\}\in V_{D}^{h}\}_{h>0}$
$|||\{v-v_{h},\hat{v}-\hat{v}_{h}\}|||_{h}\leq C_{a}h^{\frac{1}{2}+\sigma}\Vert u\Vert_{\frac{3}{2}+\sigma,\Omega}$ $(\hat{v}=v|_{\Gamma^{h}})$ (8)
[Hl] (1) $u\in H^{\frac{3}{2}+\sigma}(\Omega)\cap H_{D}^{1}(\Omega)$ $h>0$
$B_{h}(\{u,\hat{u}\}, \{v_{h},\hat{v}_{h}\})=(f, v_{h})_{\Omega}(\forall\{v_{h},\hat{v}_{h}\}\in V_{D}^{h})$ (9)
[H2] $C_{b}$ $\hslash$ 1
$\grave\grave$
$h>0,$ $\{u,\hat{u}\},$ $\{v,\hat{v}\}\in H^{\frac{3}{2}+\sigma}(\mathcal{T}^{h})\cross L^{2}(\Gamma^{h})$
$(\sigma>0)$
$|B_{h}(\{u,\hat{u}\}, \{v,\hat{v}\})|\leq C_{b}|||\{u,\hat{u}\}|||_{h}\cdot|||\{u,\hat{u}\}|||_{h}$ (10)
[H3] $C_{s}$ $h>0$ $\{v_{h},\hat{v}_{h}\}\in V_{D}^{h}$
$|B_{h}(\{v_{h},\hat{v}_{h}\}, \{v_{h},\hat{v}_{h}\})|\geq C_{s}|||\{v_{h},\hat{v}_{h}\}|||_{h}^{2}$ (11)
(8) $h$
$C$ $C_{a},$ $C_{b},$ $C_{s}$
(1) $u$ (5) $\{u_{h},\hat{u}_{h}\}$
$|||\{u-u_{h},\hat{u}-\hat{u}_{h}\}|||_{h}\leq Ch^{\frac{1}{2}+\sigma}\Vert u\Vert_{\frac{3}{2}+\sigma,\Omega}$ $(\hat{u}=u|_{\Gamma^{h}})$ (12)
[Hl] (9) (5) $\{v_{h},\hat{v}_{h}\}\in V_{D}^{h}$





[H3] $L^{2}$ $\Vert u-u_{h}\Vert_{\Omega}$


















$b\cdot(\nabla u)+cu=f$ ( $\Omega$ ) (13)
$b$ 2 $c,$ $f$ $c_{0}$
$b$ $c$
$c- \frac{1}{2}\nabla\cdot b\geq c_{0}>0$ (14)
$b\cdot(\nabla u)$ DGFEM 1
168
[12, 13] ( ?).
$b_{h}( \{u_{h},\hat{u}_{h}\}, \{v_{h},\hat{v}_{h}\})=\sum_{K}\{(b\cdot(\nabla u_{h}), v_{h})_{K}$
$+\{\hat{u}_{h}-u_{h}, [b\cdot n]_{+}\hat{v}_{h}-[b\cdot n]_{-}v_{h}\rangle_{\partial K}\}$ (15)




$b_{h}( \{v_{h},\hat{v}_{h}\}, \{v_{h},\hat{v}_{h}\})+(cv_{h}, v_{h})_{\Omega}\geq\frac{1}{2}\sum_{K}||b\cdot n|^{\frac{1}{2}}(\hat{v}_{h}-v_{h})|_{\partial K}^{2}+c_{0}\Vert v_{h}\Vert_{\Omega}^{2}$ (16)
$\Omega=(0,1)^{2}\backslash \{(\frac{1}{2}, y);0<y\leq\frac{1}{2}\}$ ( ), $f=c=0$ ,
$b^{T}=$ $( \frac{1}{2}-y, x-\frac{1}{2})$
$u=0$
$u( \frac{1}{2}, y)=sm^{2}(2\pi y)(0\leq y\leq\frac{1}{2})$ (17)

























1 : $P^{1}$ $P^{2}$ $10\cross 10$ $40\cross 40$
DGFEM
5
[1] Arnold, D.N., Brezzi, F., Cockburn, B., Marini, L.D.: Unified analysis of dis-
continuous Galerkin methods for elliptic problems. SIAM J. Numer. Anal. 39,
1749-1779 (2002)
170
[2] Brenner, S.C., Scott, L.R.: The Mathematical Theory of Finite Element Meth-
ods, 3rd ed. Springer-Verlag (2008)
[3] Cockburn, B., Gopalakrishnan, J., Lazarov, R.: Unified hybridization of dis-
continuous Galerkin, mixed, and continuous Galerkin methods for second order
elliptic problems. SIAM J. Numer. Anal. 47, 1319-1365 (2009)
[4] Fung, Y.C., Tong, P.: Classical and Computational Solid Mechanics. World
Scientffic Pub. (2001)
[5] Grisvard, P.: Elliptic Problems in Nonsmooth Domains. Pitman (1985)
[6] Hesthaven, J.S., Warburton, T.: Nodal Discontinuous Galerkin Methods: Algo-
rithms, Analysis, and Applications. Springer-Verlag (2008)
[7] : 2011
145-157 (2011)
[8] Kikuchi, F., Ishii, K.: On the Applicability of DGFEM. Proc. Comput. Eng.
Conf., JSCES, 15(2), 517-520 (2010)
[9] : (
), 2010 105-106 (2010).
[10] Kikuchi, F., Ishii, K., Oikawa, I.: Discontinuous Galerkin FEM of hybrid dis-
placement type–development of polygonal elements–. Theor. Appl. Mech.
Japan. 57, 395-404 (2009)
[11] Oikawa, I.: Hybridized discontinuous Galerkin method with lifting operator.
JSIAM Lett. 2, 99-102 (2010)




[14] Oikawa, I. Kikuchi, F.: Discontinuous Galerkin FEM of hybrid type. JSIAM
Lett. 2, 49-52 (2010)
[15] Pian, T.H.H., Wu, C.-C.: Hybrid and Incompatible Finite Element Methods.
Chapman & Hall (2005)
[16] Reed, W.H., Hill, T.R.: Tkiangular mesh methods for the neutron transport
equation. Los Alamos Scientffic Laboratory Report LA-UR-73-479, 1973.
171
